Introduction
Adenosine deaminase (ADA) is an enzyme of purine metabolism that catalyses the deamination of adenosine to inosine. It it widely distributed in human tissues and shows its highest activity in lymphoid tissues, particularly those containing the highest proportions of T-cells.' A relationship between lymphocyte ADA (L-ADA) activity and the immune response was shown by the discovery of inherited ADA deficiency which causes severe combined immune deficiency (SCID).24 ADA is required for proliferation and differentiation of T-lymphocytes, and its deficiency mainly affects T-cell activation and cell-mediated immunity.57 Activation of lymphocytes produces an increase in intracellular ADA levels.5 High L-ADA activity has been observed in tuberculosis and in subjects with renal allograft transplants undergoing acute graft rejection where cell-mediated immunity is stimulated.89 In contrast, low levels of L-ADA activity have been found in patients with diseases which suppress immune responses, such as solid tumours, chronic active hepatitis and chronic renal failure.°1',1
Cell-mediated immunity plays a major role in recovery from typhoid fever which is still endemic in India and is a major cause of mortality and morbidity.'2 Cell-mediated immunity develops during the second week of illness in uncomplicated patients, while it is often impaired and delayed in patients who develop complications.'3"4 Patients who relapse also have poor cell-mediated immunity. '5 Since a relationship exists between ADA activity and the cell-mediated immune response, this study was undertaken to evaluate L-ADA activity in patients with typhoid fever and to correlate this with the clinical profile and prognosis.
Materials and methods
Thirty adult patients with typhoid fever were studied comprising 23 male and 7 females, their ages ranging from 15 to 40 years. All were diagnosed by a positive blood or bone marrow culture for Salmonella typhi/paratyphi and/or fourfold rise in Widal titres. Patients who were on corticosteroids, received TAB vaccine during the last 5 years, and patients with cirrhosis, tuberculosis, leukaemias, or tumours where altered ADA activity is known were excluded. All patients underwent a detailed history, physical examination and were observed carefully during hospitalization; they were followed up for one month after recovery. Haemoglobin, total and differential counts, ESR, complete urine examination, stool for occult blood, blood urea, blood sugar, serum electrolytes, serum transaminases, serum bilirubin, chest X-ray and electrocardiogram were done in all patients at the time of admission 'and then serially. The results were statistically analysed using Student's t-test and x2 (chi-square) test.
Results
All patients were admitted with a history offever of 3-12 days duration. They were divided into 2 groups depending on presence or absence ofcomplications. Out of the total of 30 patients, 20 patients (66.6%) were uncomplicated, while 10 patients (33.3%) had a complicated course. Four patients developed complications after the hospitalization, while 6 patients were admitted with complications of typhoid fever. Seven patients had various types ofneuropsychiatric complications (encephalopathy, 4; schizophrenia, 1; cerebellitis, 1; meningismus, 1). One of these patients also developed peripheral circulatory failure. Two patients presented with intestinal perforation and one patient presented with intestinal haemorrhage. All the patients recovered after treatment and there was no mortality.
The age ofpatients ranged from 15-40 years and the mean age in the 2 groups was not statistically different. Males and females were affected in a ratio of 3.3:1. All the patients were treated with chloramphencol or ampicillin or a combination of both drugs. The complicated group of patients took a significantly longer time (P = 0.01) to reach the stage of defervescence as compared to uncomplicated patients. Complicated patients also had a significantly lower haemoglobin (P = 0.05) as compared to uncomplicated patients. Blood sugar, blood urea, serum electrolytes, serum transaminases, serum bilirubin, chest X-ray and electrocardiograms were within the normal range in all patients.
Cutaneous delayed hypersensitivity response to DNCB (Table I) All the uncomplicated patients were good reactors (Grade 4 + and 3 + ) to DNCB, while the majority of the patients showed weaker responses.
The difference between the 2 groups was significant, P < 0.001 (X2 test). Thus there was unequivocal depression in delayed cutaneous hypersensitivity response to DNCB in the complicated group. (B) Uncomplicatedpatients At the time of admission L-ADA activity in uncomplicated patients was significantly higher than the control activity (P < 0.001). L-ADA activity increased further during the height of fever and at the time of recovery.
(C) Complicated patients In patients who later developed complications, L-ADA activity was significantly less than control activity at the time of admission (P < 0.05). Mean L-ADA activity decreased still further at the time ofdevelopment of complications (P <0.001). At the time of recovery L-ADA activity increased significantly above the control activity (P<0.01).
All the patients who had L-ADA activity above 24 mU/106 cells at the time ofadmission and during the height of fever remained uncomplicated, while patients with L-ADA activity below 24mU/106 cells presented either with complications or developed complications during hospitalization. On serial estimation, an increase in L-ADA activity Uncomplicated patients demonstrated a good response to DNCB and had significantly higher normal L-ADA activities during the acute stage of illness. In contrast complicated patients had a poor response to DNCB and significantly lower L-ADA activity during the acute stage of illness.
Statistical correlation between DNCB response and L-ADA activity was highly significant (coefficient of correlation r = 0.0690, P <0.001). All the patients were treated with ampicillin, and/or chloramphenicol and there was no association between the drugs given and L-ADA levels or DNCB responses.
Discussion
Typhoid fever is a major cause of morbidity and mortality in India. There are many methods for diagnosing the disease, but there are very few parameters by which the severity and prognosis can be predicted. We have previously demonstrated that persistence of extrapyramidal rigidity and electrocardiographic abnormalities, including arrythmias, indicate a poor prognosis. '9,'20 Since recovery from typhoid fever is associated with development of cell-mediated immunity, and patients with complications have a poor or delayed cell-mediated immune response, an indirect indicator of T cell activity such as L-ADA activity could be prognostically useful.
From our observations it is clear that serial estimation of L-ADA activity is a good indicator of severity and prognosis in patients with typhoid fever. Mean L-ADA activity was significantly raised (36.33 ± 5.09) in uncomplicated patients at the time of admission and remained so even at the time of defervescence. Similar findings have been reported by others.21 '22 On the other hand, mean L-ADA activity in patients who developed complications was significantly low at the time of admission (15.33 ± 2.35) and fell further at the onset of complications (7.86 ± 4.07). However, with recovery, L-ADA activity increased significantly above the control activity (31.24 ± 5.37).
To predict the severity and prognosis in typhoid fever a cut-off value of 24 mU/106 cells could be used, since all the patients with activity above this level remained uncomplicated. Patients with activity below this level developed various complications and had a prolonged course. The mechanism of alteration in L-ADA activity in different groups of typhoid patients can be explained on the basis of its relation to T-cell activity. This may be a direct or indirect result of severe endotoxaemia since lipopolysaccharide of Gram-negative bacteria is known to have a suppressive effect on T-cell activity. 23 24 Low levels of ADA are an indication that treatment should be instituted more energetically. Since in patients with typhoid with severe endotoxaemia and/or complications, CMI is suppressed, an appropriate line oftreatment should be the administration of antibody against lipopolysaccharide of Gram-negative bacteria. Since no such therapeutics are available, a combined drug therapy with steroids should be employed. We have already demonstrated25 that cases of typhoid having severe toxaemia have depression of adrenocortical function and should be given supplementary steroids, if no contraindications exist.
L-ADA estimation is simple and its serial activity can be used as a good indicator to assess severity of disease process and prognosis. However since our study involved only a small number of patients, a larger study is needed to clearly establish a use for L-ADA activity levels in the management of typhoid fever.
